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NOTE ON THE GRATING SPACE OF CALCITE AND THE 
X-RAY SPECTRUM OF GALLIUM. 

B Y A R T H U R H. COMPTON. 

IN a recent number of this journal1 Uhler and Cooksey have described a 
method of measuring the angle of reflection of X-ray spectrum lines 

which seems to be remarkably free from systematic errors, and capable 
of high precision. They applied their method to the determination of 
the angle of reflection of the characteristic K lines of gallium from a 
crystal of calcite. In calculating the wave-length of these rays they 
obtained the grating space of calcite by comparing it experimentally 
with the grating space of rock-salt, which can be determined in terms of 
the known crystal structure. In making this comparison, however, they 
determined the angles of reflection from rock-salt by an "old" method 
which, as they point out, is liable to introduce appreciable errors. Their 
determination of the grating space of calcite and hence also of the wave
length of the characteristic X-rays from gallium, is therefore no more 
accurate than the measurements made by the "old" method which they 
criticize. 

The reason assigned by Uhler and Cooksey for making this experi
mental determination of the grating space is "because a sufficiently 
satisfactory reduction factor [the ratio of the grating space of calcite to 
that of rock-salt] if present in the literature of the subject, has escaped 
our notice." It should be noted that the grating space in the case of 
calcite may be calculated from the known crystal structure as well as 
in the case of rock-salt. The formula to be used is given by W. H. 
Bragg2 and the writer3 as, 

(i) di = \2i^m.)' 
where Mi is the molecular weight of CaC03, pi is the density of the calcite 
crystal, N is the number of molecules per gram molecule, and $(/3i) is 
the volume of a rhombohedron the distance between whose opposite 
faces is unity, and the angle between whose edges is pi. This function is4 

1 P H Y S . R E V . , IO , 645, 1917. 
2 W . H. Bragg, Proc. Roy. Soc. A., 89, 468 (1914). " X - r a y s and Crystal S t ruc tu re , " 

p . 112. 
3 A. H . Compton, P H Y S . R E V . , 7, 655 (1916). 
4 A. H. Compton, loc. cit. Professor Bragg uses the value <£(/?) = 1.08, which makes his 

value of d for calcite differ appreciably from tha t here obtained. 
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*{Pl) sin J8I(I + 2 cos ft) 
For calcite ft = 1010 55'1 which makes #(ft) = 1.0963. 

The corresponding expression fo~ the grating space of rock-salt is 

(2) * = U^J' 
the subscripts 2 indicating that the molecular weight and density are 
those corresponding to rock-salt. The reduction factor sought by 
Uhler and Cooksey is, therefore, 

( \ -R _dl _Y Mlp2 V 

which gives the ratio of the grating space of calcite to that of rock-salt. 
Bragg's expression2 is not dependent upon the details of the arrange

ment of the atoms in the calcite crystal. It expresses only the fact 
that each elementary rhombohedron contains half a molecule of CaC03 . 
The uncertainty of the applicability of this formula is thus no greater 
than in the corresponding case of rock-salt. In fact the calculated value 
of the grating space of calcite is probably the more accurate, since this 
crystal is more perfect and is less apt to contain inclusions than is rock-
salt. 

Substituting in formula (i) the values: 

Mi = 100.075,3 

Pi = 2.7116 g. era."3,4 

N = 6.062 X io23 per gram molecule,5 

0(/3i) = 1.0963, 

we find for the grating space of calcite, 

d = 3.0281 X io - 8 cm. 

The greatest uncertainty in this value is due to N, whose probable error 
is ± 0.1 per cent. Since N occurs in the 1/3 power, the probable error 
in d is about .033 per cent. Thus the grating space of calcite is 

di = 3.0281 ± .0010 X i o - 8 cm. 

The value determined by Uhler and Cooksey by comparison with rock-
1 Calculated from Dana's value of 74°55' for the dihedral angle. 
2 W. H. Bragg and W. L. Bragg, "X-rays and Crystal Structure," p. n o . 
3 International Atomic Weights 1917. 
4 A. H. Compton, loc. cit. 
6 R. A. Millikan, Phil. Mag., 34, 13 (1917)-
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salt, using d2 = 2.814 X i o - 8 cm. is d\ = 3.0307 X i o - 8 cm. Gorton1 

has determined the grating space of calcite by a similar comparison 

method, using the same value of d2f and obtains d\ = 3.028 X io~8 cm., 

which agrees absolutely with the theoretical value. Millikan2 gives for 

the grating space of calcite the value (3.030 ± .001) X io~8 cm., calcu

lated by D. L. Webster3 using Millikan's value of e. In this calculation 

Webster has made use of Bragg's value of #(£1) = 1-°% instead of 

the t rue value 1.0963, which accounts for the difference between his value 

and tha t here given. 

The wave-lengths of the characteristic X-rays from gallium given by 

Uhler and Cooksey require revision because of this error in their deter

mination of the grating space of calcite. Their determinations of the 

angles of reflection from calcite were verified by their " n e w " method, and 

hence are not subject to the errors introduced when they determined the 

angles from rock-salt by their '" old " method. Their values for the angles 

of reflection from calcite may thus be accepted without discount. Their 

values for the wave-length are given in the following table together with 

the corrected values using the value of d\ = 3.0281 ± .0010 X io~8 cm. 

Reflection Angle from Calcite. AXio8 cm. Uhler & Cooksey. \xi°8 cm. Corrected. 

12° 47' 15" ± 2" 1.34161 ± .00004 1.34046 ± .00045 
12° 45' 5" =fc 2" 1.33785 ± .00004 1.33673 ± .00044 
11° 28' 30" ± 2" 1.25691 ± .00000 1.20482 db .00041 

The probable error in the wave-length is est imated by Uhler and 
Cooksey on the basis of their probable error in measuring the angle. 
I t should be noted tha t a much larger error in the wave-length is intro
duced by the uncer ta inty of the grating space. 

R E S E A R C H LABORATORY, 

W E S T I N G H O U S E L A M P COMPANY, 

J a n u a r y 22, 1918. 

1 W. S. Gorton, P H Y S . R E V . , 7, 209 (1916). 
2 R. A. Millikan, loc. cit., p . 16 
3 D . L. Webster, P H Y S . R E V . , 7, 607 (1916). 


